A. Construction of the disturbance observer
The basic construction of a servo system which includes a minimal order observer as a disturbance observer is indicated in Fig. 3(a) ; a software configuration of the same system is shown in Fig. 3(b) . The The results of simulations of the disturbance suppression characteristic of the drum servo sys¬ tem appear in Fig. 4 . This drum servo system employs a primary-stage LPF with a cutoff fre¬ quency of 23 Hz. As Fig. 4(b) indicates, by em¬ ploying a disturbance observer below about 18 Hz, suppression of disturbances is improved over that of the system without an observer in (a); but at frequencies above 18 Hz or so, the disturbance is amplified rather than suppressed. (2) where T is the sampling period. Next, l/H^s) is also used to construct a digital filter. However, direct configuration of a digital filter would mean that the gain would be increased at high frequencies, leading to an increase in quantiza¬ tion noise and other high-frequency noise com¬ ponents, which would bring about, rather than suppress, motor rotation fluctuations. We there¬ fore set a limit to the high-frequency gain of l/HLPF(s) by using the l/H^Xs) defined below, and bilinear-convert this to obtain a digital filter HLPF2(z). value. But while the high-frequency rise in the disturbance suppression characteristic is de¬ creased, the high-frequency noise is increased, and so T2 must be chosen appropriately for the system. Here we have set T2 equal to one-tenth ofTr Fig. 4 Hz and at 90 Hz are the components at the drum rotation frequency and double the latter frequen¬ cy, and the peak at 60 Hz is due to the noise of the power supply, including the measurement equipment.
As with capstan servo systems, by employing a disturbance observer [3] it is possible to reduce fluctuations in rotation.
Whereas the time required for velocity detec¬ tion and disturbance observer processing each 
